Transition properties of potassium atom 
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We report here oscillator strengths, transition rates, branching ratios and lifetimes due to allowed 
transitions in potassium (K) atom. We evaluate electric dipole (El) amplitudes using an all order 
relativistic many-body perturbation method. The obtained results are compared with previously 
available experimental and theoretical studies. Using the El matrix elements mentioned above and 
estimated from the lifetimes of the 4P states, we determine precise values of static and dynamic 
polarizabilities for the first hve low-lying states in the considered atom. The static polarizabilities 
of the ground and 4P states in the present work are more precise than the available measurements 
in these states. Only the present work employs relativistic theory to evaluate polarizabilities in the 
3D states for which no experimental results are known to compare with. We also reexamine "magic 



wavelengths" for the AP 1 



/2 



AS and 4P 



3/2 



AS transitions due to the linearly polarized light 



which are useful to perform state-insensitive trapping of K atoms. 
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I. INTRODUCTION 



Potassium (K) atom is one of the suitable alkali atoms 
whose two stable isotopes are fermions and one of them is 
boson that makes it a special system for cold atom stud- 
ies [l|, 0. Studies of its transition properties are very 
useful in manipulating trapping and cooling of this atom 
[HE)]. Especially to find out its "magic wavelengths" at 
which the differential Stark shifts of a transition become 
zero @, accurate knowledge of transition properties are 
necessary 0, Q ■ Sophisticated experiments are gene rally 
performed to measure these magic wavelengths [1, llOj j. 
however they can also be determined precisely by evalu- 
ating differential polarizabilities using accurate relativis- 
tic many-body methods 0, Q. In fact, K atom is an one 
valence electron system, whose properties can be evalu- 
ated precisely that can ultimately act as benchmark tests 
for the experimental results. Also, a suitable trapping 
technique of alkali atoms is very much useful in vari- 
ous fields like in the atomic clock, quantum computing, 
quantum information etc. experiments. In an optical 
lattice atomic clock experiment, the atoms are trapped 
by a periodic potential formed by the applied laser beam 
[ill [l2| for which the trapped atoms interact with the 
oscillating electric field of the trapping beam that causes 
the shift in the energy levels inside the atoms. But in 
order to achieve maximum stability of an atomic clock, 
it is very crucial to tune the laser beam at a particular 
wavelength such that there will be no effects to the inter- 
nal clock transition frequency [y, [lO|, [l2[ . These effects 
can be estimated by estimating dynamic polarizabilities 
of the atomic states [a-H, LLG, UM ■ 



Accurate values of transition properties in K are also 
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useful in the astrophysical studies [13Wl5l |. K is pro- 
duced in massive stars after oxygen burning and its iso- 
topes abundances are analyzed in 58 metal-poor stars. 
In these analysis, theoretical estimate of ratios of abun- 
dances of [K/Fe] with [Fe/H] during the chemical evo- 
lution of Galaxy are compared with the observations 
[l6j. There are also various astrophysical objects such 
as L dwarfs, T dwarfs and irradiated giant planets whose 
spectra are dominated by absorption lines of many al- 
kali atoms [l7l - [2Cjj . Many telescopes operating at various 
wavelengths from ultraviolet (UV) to infrared (IR) range 
are used to study various spectral properties of astronom- 
ical objects, but these IR telescopes require information 
about detailed spectroscopic data of atomic systems such 
as oscillator strengths, transition probabilities etc. [2lT - 
[23l |. Also, identification of new IR lines will be useful 
in understanding equilibrium temperature, gravity and 
abundance for many ultra-cool dwarf stars as well as ex- 
tra solar giant planets in our Galaxy |24| . Therefore it is 
always very useful to have enough atomic information on 
new IR atomic lines based on high precision relativistic 
calculations, so that they can be used in the analysis of 
spectral measurements generally carried out by sophisti- 
cated IR telescopes. 

In this paper, we evaluate electric dipole (El) matrix 
elements and determine oscillator strengths, transition 
probabilities, branching ratios, lifetimes and polarizabil- 
ities of many states of K atom. Furthermore, we deter- 
mine the magic wavelengths due to the linearly polarized 
light for the 4Py 2 ~> 45 1 and 4P 3 / 2 -> 4JS transitions and 
compare them with the available results. 

The rest of the paper is organized as follows: in Sec- 
tions II and III, we give the theories of transition prob- 
ability due to allowed transition and linear Stark shift 
and describe briefly about the method of calculation. In 
the next section, we present the results and discuss about 
them. Unless stated otherwise, we use atomic unit (a.u.) 
for all the physical properties through out the paper. 
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II. THEORY AND METHOD OF 
CALCULATIONS 

A. Allowed radiative properties 

The transition probability (in s^ 1 ) due to El matrix 
element from atomic state \^k) to is given by 
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(1) 



where Ski = \{^ k \\D\\^i)\ 2 is the line strength, Xki is the 
wavelength (in cm -1 ) and gk = 2Jk + 1 is the degeneracy 
factor for angular momentum Jk of the state l^fc). 

The relative intensities of radiative transitions are gen- 
erally estimated by their oscillator strengths that for an 
allowed transition is given by 
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which again for the emission and absorption lines are 
related as 



9ifik = ~9kfki 



(3) 



The lifetime of the \^k) state due to the allowed tran- 
sitions (transition probabilities via other multi-poles are 
neglected for the considered states in the present atom) 
is estimated by 
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The branching ratio of a transition probability from the 
state \i$k) to a lower state |\I>i) is given by 



Hi Ah 

— T kAki, 



(5) 



where sum over I represents all possible allowed transi- 
tions from l^/fe). 



B. Linear Stark shift 

In the application of external electric field described 
by a plane electromagnetic wave of angular frequency w, 
the energy level of a state \^k) of an atom shifted by 



AE k (u) 



-ia fc (cj)£ 2 , 



(6) 



where a k is the known as polarizability of the \^k) state 
and £ is the strength of the applied electric field. In a 
more general form a.k in Mj k quantum number indepen- 
dent parameters is expressed as 



a k (uj) = a° v (oj) 



J fc (J fc + l) 
J k {2J k - 1) 



OfcH. (7) 



with the parameters a" (a;) and af.(uj) are called as scalar 
and tensor polarizabilities, respectively. They are given 
in terms of the reduced matrix elements of dipole opera- 
tor D as 



3(2 J k + 1) 
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and 
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for all the allowed states \^i) from \^k)- 

Magic wavelengths of a transition can be determined 
by evaluating Stark shifts for both the associated states 
and finding out ui values where the shifts are equal for 
these states. Owing to the fact that these effects are di- 
rectly proportional to the differential polarizabilities of 
the associated states, magic wavelengths are finally cor- 
respond to finding values of uj that produces null differ- 
ential dynamic polarizabilities of the transition. 



C. Method of calculations 

In the coupled-cluster ansatz, we express the atomic 
states with a closed core and one valence orbital as 



|*k> = e T {l + Sk}\1>k), 



(10) 



where initial state is constructed as = at|$o) with 
|i>o) is the mean-field wave function for the closed core 
obtained by Dirac-Hartree-Fock (DHF) method and a\ 
represents appending the valence orbital denoted by k. 
Here T and Sk are the excitation operators that account 
correlation effects to all orders by exciting electrons from 
core orbitals and valence along with core orbitals from the 
corresponding DHF states, respectively. In the present 
calculations, only singly and doubly excited configura- 
tions are generated using both the T and Sk operators 
in the CCSD method framework; also, important cor- 
relation effects involving valence electron are accounted 
through the Sk operator perturbatively in the CCSD(T) 
method approximation. Discussions on these approaches 
can be found more elaborately in (25[. The details of 
single particle construction and active space for the cal- 
culation of atomic wave functions for the considered atom 



are described in our previous work 26 j . 

Following the approach given in 27|, we evaluate po- 
larizabilities of the considered states in K atom by ex- 
pressing different contributions as 



o£(c) + al{vc) 



a x k {v) 



(11) 
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TABLE I: Results of attachment energies (EAs) in 



of 



third order many-body perturbation theory (MBPT(3) 
method) following similar approaches as employed in [29i — 
l3lj . Using the dynamic polarizabilities, we verify the 
"magic wavelengths" in the 4Pw 2 -> 45 and 4P 3 / 2 -> 45 
transitions and compare them with previously reported 
values. 



different states K using DHF, CCSD and CCSD(T) methods. 
The results are compared with the experimental values given 
in NIST data table [H and difference between N1ST data 
and results obtained from the CCSD(T) method are quoted 
as A in percentage (%). 

TABLE II: Calculated Ef matrix elements and their line strengths in 



State 



DHF CCSD CCSD(T) NIST [28] A a - u - f° r au the allowed transitions among the states up to 85 states. 



4s 2 5 1/2 
4p 2 Pi/ 2 
4p 2 P 3 /2 
5s 2 5i/ 2 
3d 2 D 5/2 
3d 2 £> 3 /2 
5p 2 Pi/ 2 

5p 2 Pi/2 

4d 2 D, 



Ad 2 D 



5/2 
3/2 



6s z S 1/2 

5/2 
7/2 



4/ 2 K 

Af 2 F; 



6p 'Pl/2 

6p 2 P 3 /2 
5d 2 £5/2 



7s 2 5i 



^3/2 
/2 



5/ 2 P 
5/ 2 F ; 



7/2 
5/2 



5gr G7/2 

5ff 2 G 9 / 2 
7p 2 Pi/ 2 
7p 2 P 3/2 
6d 2 D 5 /2 
6d 2 D 3/2 
8s 2 5 1/2 



-32370.47 
-21006.47 
-20959.41 
-13407.12 
-12747.04 
-12744.31 
-10012.08 
-9995.88 
-7206.85 
-7205.25 
-7338.12 
-6859.21 
-6859.21 
-5881.48 
-5874.06 
-4596.71 
-4595.80 
-4627.27 
-4390.01 
-4390.01 
-4389.50 
-4389.50 
-3871.88 
-3867.88 
-3177.17 
-3176.62 
-3182.99 



-35016.98 

-22010.66 

-21950.59 

-13982.93 

-13418.72 

-13417.27 

-10303.07 

-10283.56 

-7572.74 

-7571.88 

-7558.71 

-6881.92 

-6881.92 

-6008.02 

-5999.25 

-4800.51 

-4800.46 

-4735.10 

-4403.00 

-4403.00 

-4390.90 

-4390.90 

-3938.52 

-3933.84 

-3298.89 

-3298.69 

-3244.03 



-35016.59 
-22013.81 
-21953.72 
-13982.35 
-13417.33 
-13415.78 
-10304.42 
-10284.89 
-7571.24 
-7570.84 
-7558.34 
-6881.95 
-6881.94 
-6008.75 
-5999.98 
-4799.29 
-4799.23 
-4734.85 
-4403.01 
-4403.01 
-4390.91 
-4390.90 
-3938.99 
-3934.31 
-3298.31 
-3297.97 
-3243.85 



-35009 
-22025 
-21967 
-13983 
-13475 
-13473 
-10308 
-10290 
-7613 
-7612 
-7559 
-6882 



-6011 
-6002 
-4825 
-4824 
-4736 
-4403 
-4403 
-4392 
-4392 
-3940 
-3935 
-3314 
-3314 
-3245 



0.02 

0.05 

0.06 

0.004 

0.44 

0.41 

0.03 

0.05 

0.53 

0.53 

0.01 

0.00 

0.00 

0.04 

0.03 

0.51 

0.51 

0.02 

0.00 

0.00 

0.02 

0.02 

0.02 

0.02 

0.47 

0.48 

0.03 



Transition k 



DHF CCSD(T) S ki 



where superscript A with values and 1 correspond to 
the scalar and tensor polarizabilities, respectively, and 
notations c, vc and v in the parentheses represent corre- 
lation contributions from core, core-valence and valence 
orbitals, respectively. It has to be noted that the core 
contribution to the tensor polarizability is zero. 



III. RESULTS AND DISCUSSION 

We present below first the electron attachment ener- 
gies (EAs) of valence electrons from the states having dif- 
ferent valence orbitals with the closed core [3p 6 ]. Then 
we present El matrix elements and using them with the 
experimental energies, we determine transition probabil- 
ities and other related transition properties. Also, we 
evaluate a^(v) for various states from these El matrix 
elements and experimental energies. Other cti(c) and 
a£ (vc) contributions to at , which are found to be smaller 
in magnitudes compared to a^(v), are evaluated using a 



4p 2 Pi/ 2 



4p 2 P 3 /2 
1/2 



5s 2 S 1/ 



3d 2 D 5/2 
3d 2 D 3 / 2 



5p 2 P, 



1/2 



5p 2 P 3/2 



4d 2 L>, 



5/2 



4d 2 D, 



3/2 



6s 2 Si 



/2 



4/ 2 F 5 /2 



4/ 2 F r/ 2 
6p 2 Pi/ 2 



6p 2 P 3 /2 



5/2 



'3/2 



Sl/2 

2 s 1 



/2 

l P3/2 
Pl/2 

2 P 3 /2 

2 P 3 /2 

^1/2 

P > 3/2 

Si/2 

S5/2 

2 D 5 ,2 

P>3/2 

Sl/2 

Sl/2 

2 P 3 /2 

2 P 3 /2 

2 P 3 /2 



"Pi 



/2 
D 3/2 



"Pi 



/2 
D 3/2 



"Pi 



4s 
4s 
4p 
4p 
4p 
4p 
4p 
3d 
5s 
4s 
3d 
3d 
5s 
4s 
5p 
ip 
5p 
5p 
4p 
4p 
5p 
5p 
4p 
4p 
4d 
4d 
3d 
3d 
4d 
3d 
6s 
4d 
3d 
5s 
4s 
6s 
4d 
4d 
3d 
3d 
5s 
4s 
6p 
4/ 2 F7/2 
4/ 2 F f 



/2 
°3/2 



"Pi 



/2 



3/2 



Do 



/2 



'3/2 
"D 5 /2 

2 D 5/2 
2 D 5/2 

Sl/2 
D3/2 
2 F>3/2 
Sl/2 
Sl/2 
Sl/2 
2 F>3/2 
2 F> h /2 
F>3/2 

2 D 5/2 

Sl/2 
Sl/2 
2 P 3 /2 



5P"P: 



'5/2 
3/2 



4p 2 P 3/2 
6p 2 P 3 



6p 



3/2 

2 Pl/2 



4.554 

6.439 

5.658 

3.974 

11.564 

3.855 

8.596 

8.198 

9.935 

0.312 

10.955 

3.655 

14.031 

0.456 

23.116 

1.003 

7.704 

17.173 

0.336 

0.769 

12.656 

8.898 

1.309 

0.925 

25.230 

6.743 

14.112 

3.769 

30.158 

16.857 

17.195 

16.833 

1.025 

0.873 

0.104 

24.273 

7.502 

22.487 

0.462 

1.387 

1.263 

0.155 

38.150 

5.803 

1.297 

2.690 

0.122 

12.712 

28.333 



4.131(20) 

5.841(20) 

5.524(20) 

3.876(10) 

10.749(50) 

3.583(20) 

7.988(40) 

7.278(130) 

9.489(10) 

0.282(6) 

9.729(150) 

3.242(50) 

13.399(20) 

0.416(6) 

22.842(300) 

0.260(5) 

7.613(100) 

16.969(240) 

0.088(5) 

0.220(5) 

12.470(20) 

8.760(10) 

1.287(10) 

0.909(10) 

25.37(146) 

6.78(38) 

12.41(11) 

3.318(30) 

30.34(170) 

14.84(12) 

16.613(20) 

14.76(37) 

1.037(10) 

0.906(10) 

0.087(5) 

23.444(20) 

6.57(16) 

19.734(470) 

0.467(3) 

1.389(10) 

1.312(6) 

0.132(6) 

38.72(74) 

8.42(10) 

1.883(20) 

1.461(5) 

0.374(5) 

12.90(26) 

28.76(57) 



17.065(160) 

34.117(234) 

30.515(221) 

15.023(77) 

115.54(107) 

12.838(143) 

63.808(639) 

52.97(189) 

90.041(190) 

0.079(0.003) 

94.65(292) 

10.511(324) 

179.533(536) 

0.173(5) 

521.8(137) 

0.067(3) 

57.96(152) 

287.95(814) 

0.008(1) 

0.048(2) 

155.50(50) 

76.738(175) 

I. 656(26) 
0.826(18) 
643.8(741) 
46.0(52) 
154.1(27) 

II. 01(20) 
923(103) 
220.3(36) 
275.99(66) 
217.9(109) 
1.075(21) 
0.820(18) 
0.008(1) 
549.621(938) 
43.20(210) 
389.4(185) 
0.218(3) 
1.954(28) 
1.721(15) 
0.017(2) 
1499(57) 
70.90(17) 
3.546(75) 
2.134(15) 
0.141(4) 
166.5(67) 
827.3(328) 
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TABLE II - continued from previous page. 
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Transition k 



DHF CCSD(T) S k 



7s 2 S 1/2 



5/ 2 F T/2 



5/ 2 F 5/2 



5g 2 G 7 /2 



5g G g / 2 
7 P 2 Pi/ 2 



7p 2 P 3 /2 



6d 2 D 5/2 



6d 2 D 3/2 



Pi 



Pi 



Pi 



'■Pi 



4/ 2 F, 
5p 
5p 
Ap 
4p 
6p 
6p 
5p 
5p 
Ap 
Ap 
5d 
Ad 
3d 
5d 
5d 
Ad 
Ad 
3d 
3d 
5/ 
5/ 
4/ 
4/ 
5/ 
4/ 
7s 
5d 
6s 
4d 
3d 
5s 
4s 
7s 
5d 
5d 
6s 
4d 
4d 
3d 
3d 
■ 5s 
4s 
7 P 
5/ 
5/ 



5/2 
"3/2 



/2 
"3/2 



/2 
"3/2 



/2 
"3/2 



/ 2 

J -P3/2 
Pl/2 

2 D 5/2 
2 D 5/2 
2 D 5/2 

D 3/2 
^5/2 
F>3/2 

2 D 5/2 

D3/2 

2 D 5/2 
2 F 5/2 
2 F 7/2 
2 F T/2 
2 F 5/2 
2 F 7/2 
2 F T/2 

2 Sl/2 

D3/2 

Sl/2 

D3/2 

F>3/2 
Sl/2 
Sl/2 
Sl/2 
2 F>3/2 

2 A 

2 Sl/2 

2 D, 

2 D 5 /2 

2 D, 

2 D 5 /2 
Sl/2 

2 Sl/2 
2 P 3 /2 

3 Ft 



'5/2 



'3/2 



'3/2 



5/2 
^7/2 



6p 2 P : 



3/2 
'5/2 



4/ 2 F t 
Af 2 Ft 12 
5p 2 P 3 /2 
Ap 2 P 3 /2 
7p 2 P 3/2 
7p 2 Pi/2 
5/ 2 F 5/ 2 
6p 2 P 3/2 



6p 
4/ 



Pi 



/2 
^5/2 

5p 2 P 3 /2 



4.844 

0.899 

2.042 

0.042 

0.105 

22.032 

15.496 

2.624 

1.857 

0.686 

0.485 

56.649 

20.464 

6.131 

47.394 

12.667 

17.142 

4.576 

5.123 

1.371 

41.688 

8.019 

6.313 

32.803 

47.441 

37.348 

26.351 

27.927 

1.658 

2.313 

0.484 

0.320 

0.053 

37.187 

12.445 

37.305 

2.389 

1.041 

3.126 

0.218 

0.656 

0.469 

0.081 

56.587 

2.843 

12.713 

4.838 

0.416 

1.862 

0.818 

0.053 

18.854 

42.018 

10.614 

1.617 

3.661 

1.555 

0.275 



7.034(90) 

0.490(5) 

1.138(10) 

0.124(5) 

0.264(5) 

21.828(20) 

15.342(10) 

2.563(10) 

1.814(10) 

0.677(6) 

0.479(5) 

56.34(331) 

15.84(20) 

5.913(40) 

47.12(289) 

12.60(74) 

13.24(17) 

3.541(40) 

4.949(30) 

1.322(10) 

41.79(418) 

8.04(80) 

6.261(10) 

32.53(16) 

47.58(480) 

37.040(20) 

25.595(20) 

24.46(68) 

1.735(10) 

2.424(30) 

0.500(6) 

0.341(5) 

0.041(5) 

36.107(20) 

10.89(36) 

32.69(90) 

2.501(10) 

1.089(10) 

3.259(40) 

0.225(5) 

0.676(10) 

0.499(5) 

0.064(5) 

58.30(141) 

4.070(60) 

18.20(26) 

2.993(20) 

0.541(5) 

2.421(10) 

0.045(5) 

0.404(5) 

19.43(48) 

43.31(104) 

15.22(23) 

1.002(5) 

2.304(20) 

2.029(20) 

0.015(5) 



49.48(127) 

0.240(5) 

1.295(23) 

0.015(1) 

0.071(3) 

476.46(87) 

235.38(31) 

6.569(51) 

3.291(37) 

0.458(8) 

0.229(5) 

3174(373) 

250.84(63) 

34.963(473) 

2220(272) 

158.7(186) 

175.2(45) 

12.54(28) 

24.49(30) 

1.748(26) 

1746(349) 

64.7(128) 

39.20(12) 

1058.4(104) 

2264(457) 

1372(15) 

655.1(10) 

598(33) 

3.010(34) 

5.876(145) 

0.250(6) 

0.460(3) 

0.0020(4) 

1303.7(14) 

118.50(784) 

1068.5(588) 

6.255(50) 

1.186(22) 

10.62(26) 

0.051(2) 

0.587(13) 

0.249(5) 

0.004(1) 

3399(164) 

16.57(49) 

331.39(946) 

8.958(120) 

0.293(5) 

5.861(48) 

0.0020(4) 

0.163(4) 

377.6(186) 

1876(90) 

232(7) 

1.004(10) 

5.308(92) 

4.117(81) 

0.0002(1) 





Transition k 


-> i 


DHF 


CCSD(T) 


Ski 






-> 5p 


2 Pi/ 2 


0.6346 0.059(5) 


0.003(1) 






-¥ Ap 


P > 3 /2 


0.017 


0.135(5) 


0.018(1) 






Ap 


Pl/2 


0.031 


0.293(5) 


0.086(3) 


8s 


2 S\/2 - 


-» 7p 


P 3 /2 


33.839 33.63(30) 


1130.6(202) 






7p 


Pl/2 


23.808 


23.641(20) 


558.90(95) 






-> 6p 


P 3 /2 


4.308 


4.207(6) 


17.699(50) 






-¥ 6p 


2 P 

•M./2 


3.051 


2.982(6) 


8.892(36) 






-¥ hp 


P 3 /2 


1.331 


1.310(6) 


1.716(16) 






-¥ 5p 


Pl/2 


0.943 


0.918(6) 


0.843(11) 






-¥ Ap 


P 3 /2 


0.452 


0.447(5) 


0.211(4) 






Ap 


Pl/2 


0.321 


0.316(5) 


0.111(3) 


6/ 


2 F 7 /2 - 


-» 3d 


2 D 5 /2 


3.479 


3.455(30) 


11.94(21) 


6/ 


2 F 5/2 - 


-> 3d 


2 D 5/2 


0.778 


0.777(10) 


0.006(16) 






3d 


D3/2 


2.910 


2.908(30) 


8.456(174) 


8p 


2 Pl/2 - 


3d 


2 F>3/2 


0.307 


0.321(5) 


0.103(3) 






-> 4s 


2 Sl/2 


0.033 


0.023(3) 


0.0010(1) 


8p 


2 P 3 /2 ~ 


3d 


2 2 D 5/2 


0.415 


0.432(5) 


0.187(4) 






3d 


F>3/2 


0.138 


0.144(4) 


0.021(1) 






-¥ As 


2 Sl/2 


0.051 


0.038(3) 


0.0014(2) 


7d 


2 D 5 /2 - 


Ap 


2 P 3 /2 


0.093 


0.356(5) 


0.127(4) 


7d 


-D3/2 " 


-¥ Ap 


2 P 3 /2 


0.031 


0.119(3) 


0.014(1) 






Ap 


2 Pl/2 


0.062 


0.261(4) 


0.068(2) 


9s 


2 S\/2 " 


-¥ Ap 


2 P 3 /2 


0.322 


0.317(5) 


0.100(3) 






-> Ap 


2 Pl/2 


0.228 


0.225(3) 


0.051(1) 


7f 


2 F 7 /2 - 


3d 


3 D 3 /2 


2.347 


2.386(20) 


5.693(95) 


7f 


2 F 5 /2 - 


-> 3d 


3 D 5 /2 


0.526 


0.535(10) 


0.286(10) 






-» 3d 


3 F>3/2 


1.968 


2.002(20) 


4.008(80) 


9p 


2 Pl/2 - 


3d 


D3/2 


0.246 


0.250(4) 


0.062(2) 






-> 4s 


Sl/2 


0.026 


0.016(3) 


0.0002(1) 


9p 


'^3/2 


3d 


2 D 5/2 


0.334 


0.339(5) 


0.115(3) 






3d 


F>3/2 


0.111 


0.113(3) 


0.013(1) 






4s 


Sl/2 


0.041 


0.027(3) 


0.0010(2) 


8d 


2 -D5/2 - 


-¥ Ap 


P 3 /2 


0.096 


0.286(5) 


0.082(3) 


8d 


D 3/2 - 


-> Ap 


2 P 3 /2 


0.033 


0.101(3) 


0.010(1) 






-¥ Ap 


Pl/2 


0.071 


0.221(4) 


0.049(2) 


10s 2 S 1/2 - 


Ap 


2 P 3 /2 


0.258 


0.242(5) 


0.058(2) 






-¥ Ap 


2 Pl/2 


0.182 


0.171(3) 


0.029(1) 



Continue 



A. Electron attachment energies 

In Table HI we present EAs corresponding to many 
states using our DHF, CCSD and CCSD(T) methods and 
they are compared with the corresponding values given 
by National Institute of Science and Technology (NIST) 
[28j . We consider results obtained from the CCSD(T) 
method are the final calculated results. In the above ta- 
ble, we also present differences between results from the 
CCSD(T) method and quoted by NIST in percentage as 
A. As seen in the table, all the calculated results are sub- 
one percent accurate. Among all other states, results of 
the D states have large differences with the NIST val- 
ues. Also, there are large differences between the results 
obtained using DHF and CCSD(T) methods which indi- 
cate the amount of correlation effects involved to deter- 
mine them. The differences between the results obtained 
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from the CCSD and CCSD(T) methods are small im- 
plying contributions from the triple excitations are not 
very much significant in these calculations. Although 
the calculated EAs seem to be promising for their sub- 



one percent accuracies, but we consider the experimental 
energies wherever required to determine other physical 
properties in order to minimize uncertainties in the esti- 
mated results. 



TABLE III: Wavelengths (A in A), transition rates (A in s _1 ), oscillator 
strengths (/) and branching ratios (P) from different works. The values 
given in square bracket represent power of fO. 



Upper 


Lower 






fki 






state (/) state (i) 




Others Present 


Others 


Present 


Present 


#1/2 


-> 4s 1/2 


770f.08 


3.785[7] 


2.93[-l] a 


3.34[-l] 


1.0 


4^3/2 


-> 4s 1/2 


7666.99 


3.834[7] 


5.88[-l] a 


6.72[-l] 


~1.0 


5Si /2 


-> 4p 3 /2 


12525.58 


1.58[7] 6 1.573[7] 


1.72[-l] a , 1.86[-l] b 


1.84[-1] 


0.665 




->■ 4pi/ 2 


12435.70 


7. 95 [6] b 7.9 14 [6] 
2.38[7] 6 2.390[7] 
3.97[6] 6 3.985[6] 
2.01[7] i ' 2.021 [7] 


1.71[-l] a , 1.84[-l] i> 
7.69[-l] a , 7.42[-l] i> 
8.54[-l] a , 8.24[-l] fc 


1.82[-1] 


0.335 


3(4/2 


4p 3/2 


11776.10 


7.40[-l] 


- 1.0 


34/2 


-> 4p 3/2 


11772.89 


8.20[-l] 


0.165 




-> 4pi/ 2 


11693.44 


8.55[-l] a , 8.25[-l] fc 
1.31[-l] a , 1.23[-l] b 


8.24[-l] 


0.835 


5Pl/2 


->■ 3d 3/2 


31601.63 


1.65[6] 6 1.700 [6] 


1.26[-1] 


0.228 


->■ 5si/ 2 


27212.13 


4.535[6] 


4.87[-l] a 


4.99[-l] 


0.608 




->■ 4s 1/2 


4048.36 


1.214[6] 


2.48[-3] a 


2.96[-3] 


0.163 


5P3/2 


— ► 34/2 


31392.64 


1.66[5] 6 1.717[5] 
1.50[6] 6 1.550[6] 


2.46[-2] b 
1.48[-l] b 


2.52[-2] 


0.022 




->■ 3d 5/2 


31415.32 


1.52[-1] 


0.203 




->• 5si/ 2 


27073.93 


4.582[6] 


9.76[-l] a 


1.001 


0.601 




->■ 4s 1/2 


4045.28 


1.324[6] 


5.40[-3] a 


6.48[-3] 


0.174 


44/2 


-> 5p 3 /2 


37356.22 


3.380[6] 


1.09° 


1.054 


0.981 




-> 4p 3/2 


6966.61 


1.37[4] 6 6.751 [4] 


2.56[-4] a , 1.49[-4] ft 


7. 324 [-4] 


0.019 


44/2 


-> 5p 3/2 


37341.30 


5.638[5] 


1.22[-1]° 


1.17[-1] 


0.161 




->■ 5pi/ 2 


37081.53 


2.860[6] 


1.22[-1]° 


1.17[-1] 


0.815 




-> 4p 3/2 


6966.09 


2.40[3] 6 1.160[4] 
1.90 [4] 6 7. 340 [4] 


2.96[-5] a , 1.75[-5] 6 
4.19[-4] a , 2.75[-4] fc 


8.39[-5] 


0.003 




— > 4p!/ 2 


6938.20 


1.05 [-3] 


0.021 


6S1/2 


— > 5^3/2 


36622.39 


3.207[6] 


3.17[-l] a 


3.20[-l] 


0.259 




— > 5pi/2 


36372.50 


1.615[6] 


3.15[-l] a 


3.18[-1] 


0.131 




-> 4p 3/2 


6940.68 


4.95[6] 6 5.019[6] 


1.79[-2] ft 


1.80[-2] 


0.406 




-> 4pi/ 2 


6912.99 


2.50 6 6 2.534 6 

L J L J 


1.71[-2l a , 1.79[-2f 

L J ' L J 


1.80-2 

L J 


0.205 


4/5/2 


->• 44/2 


137040.74 


8.457[4] 


3.70[-l] a 


3.54[-l] 


0.005 


->■ 4d 5/2 


136841.40 


6.063[3] 


1.76 [-2]° 


1.69[-2] 


0.0004 




— > 34/2 


15172.52 


1.45 [7] 6 1.490[7] 


8.24[-l] a , 7.51[-l] i> 


7.66[-l] 


0.928 




— > 34/2 


15167.21 


1.04[6] 6 1.065[6] 


3.92[-2] a , 3.57[-2] h 


3.65[-2] 


0.066 


4/7/2 


— ► 4d 5 / 2 


136840.10 


9.097[4] 


3.53[-l] a 


3.38[-l] 


0.006 




— > 34/2 


15167.21 


1.55[7] 6 1.599 [7] 


7.85[-l] a , 7.15I-1] 6 


7.31-1 

L J 


0.994 


6P1/2 


— > 6S1/2 


64576.12 


1.038[6] 


6.41[-l] a 


6.45[-l] 


0.345 




— > 44/2 


62456.16 


9.061 [5] 


2.61[-l] a 


2.63[-l] 


0.301 




y 3f/o /o 

' ,JU, 3/2 


13400.73 


4.47[5] 6 4.527[5] 


6.48f-3l a , 6.02[-3l b 

L J ' L J 


6.06-3 

L J 


0.151 




— >• 5Si/2 


12542.77 


4.214[5] 


9.42[-3l a 

L "J 


9.88-3 

L 


0.140 




->■ 4s 1/2 


3448.36 


1.871 [5] 


2.51-41° 

" L J 


3.31 [-4] 


0.062 


6f>3/2 


->■ 6s 1/2 


64226.09 


1.051[6] 


1.28° 


1.292 


0.341 


->■ 44/2 


62128.66 


9.125 [4] 


5.21[-2] a 


5.25[-2] 


0.030 




->■ 44/2 


62087.39 


8.242[5] 


3.12[-l] a 


3.16[-1] 


0.267 




->■ 34/2 


13385.59 


4.54[4] i) 4.606[4] 


1.31[-3] a , 1.22[-3] 6 


1.23[-3] 


0.149 




->■ 34/2 


13381.45 


4.54[4] 6 4.131[5] 


7.88[-3] a , 7.36[-3] 6 


7.35[-3] 


0.134 




->■ 5Si/ 2 


12529.51 


4.433[5] 


1.98[-2]° 


2.07[-2] 


0.144 




->■ 4s 1/2 


3447.36 


2.154[5] 


5.91[-4] a 


7.63[-4] 


0.070 


54/2 


-> 6p 3/2 


84923.52 


8.267[5] 


1.380° 


1.332 


0.590 




->■ 4/7/2 


48605.27 


2.085[5] 


6.10[-2] a 


5.50[-2] 


0.150 




-> 4/5/2 


48605.27 


1.043 [4] 


4.07[-3] a 


3.67[-3] 


0.007 




-> 5p 3 /2 


18297.93 


1.176[5] 


6.10[-3]° 


8.80[-3] 


0.084 




-> 4p 3/2 


5833.51 


3.71[5] 6 2.379[5] 


2.47[-3] a , 2.84[-3] 6 


1.81[-3] 


0.170 


54/2 


-> 6p 3/2 


84886.93 


1.379[5] 


1.53[-1]° 


1.48[-1] 


0.098 




-> 6pi /2 


84283.10 


6.999[5] 


1.530" 


1.482 


0.510 




-> 4/ 5/2 


48593.28 


2.184[5] 


5.69[-2] a 


5.12[-2] 


0.156 



Continue . . . 



TABLE III - continued from previous page. 



Upper 


Lower 




A 


hi 


fki 






state (/) state (i) 




Others 


Present 


Others 


Present 


Present 




-> 5p 3/2 


18296.22 




1.986 [4] 


6.83[-4] a 


9.90[-4] 


0.014 




-> 5pi /2 


18233.65 




1.082[5] 


7.49[-3] a 


1.07[-2] 


0.077 




-> 4p 3/2 


5833.33 


6. 13 [4] 6 
2.86[5] 6 


3.924[4] 


2.72[-4] a , 3.13[-4] ft 
2.52[-3] a , 2.90[-3] 6 


1.99[-4] 


0.028 




-> #1/2 


5813.76 


1.796 [5] 


1.81[-3] 


0.128 


7si /2 


-»■ 6p 3 /2 


78955.34 




9.807[5] 


4.56[-l] a 


4.55[-l] 


0.145 




-> 6pi /2 


78432.68 




4.942[5] 


4.54[-l] a 


4.53[-l] 


0.073 




-> 5p 3/2 


18004.69 




1.140 [6] 


2.70[-2] a 


2.75[-2] 


0.168 




->■ 5pi/ 2 


17944.11 


2.35[6] 6 
1.19[6] 6 


5. 770 [5] 


2.71[-2] a 


2.77[-2] 


0.085 




-»• 4p 3 /2 


5803.37 


2.375[6] 


5.68[-3] a , 5.93[-3] b 
5.71[-3] a , 5.95[-3f 


5.96[-3] 


0.351 




-> 4pi/ 2 


5784.00 


1.201[6] 


5.99[-3] 


0.177 


5/7/2 


->■ 5rf 5 /2 


237255.75 




6.019[4] 


6.87[-l] a 


6.73[-l] 


0.007 




->■ 4d 5 /2 


31156.02 




2. 101 [6] 


3.93[-l] a 


4.05 [-1] 


0.239 




->■ 3d 5/2 


11022.87 


6.54[6] 6 


6.612[6] 


1.76[-l] a , 1.59[-l] b 


1.60[-1] 


0.754 


5/5/2 


->• 5rf 3 /2 


237539.62 




5. 593 [4] 


7.20[-l] a 


7.05 [-1] 


0.006 




->■ 5d 5/2 


237255.75 




4.012[3] 


3.43[-2] a 


3.36[-2] 


0.0004 




->■ 4d 3 /2 


31166.41 




1.954[6] 


4.13[-l] a 


4.24[-l] 


0.223 




->• 4d 5 /2 


31156.02 




1.400[5] 


1.97[-2] a 


2.02[-2] 


0.016 




->■ 3rf 3 /2 


11025.67 


6.10[6] 6 
4.36[5] 6 


6.171[6] 


1.84[-l] a , 1.67[-l] b 
8.78[-3] a , 7.94[-3] ft 


1.68[-1] 


0.734 




— >■ 3d5/2 


11022.87 


4.406[5] 


7.98[-3] 


0.050 


5<?7/2 


5/5/2 


9451795.84 




0.524 




9.30[-3] 


- 




- *■ 5/7/2 


9451795.84 




0.020 




2.58[-4] 


- 




-> 4/7/2 


40169.35 




1.532[5] 


3.70[-2] a 


3.68[-2] 


0.036 




-> 4/5/2 


40169.35 




4.136[6] 


1.340" 


1.326 


0.964 


5^9/2 


— 5/7/2 


9451795.84 




0.543 




9.04[-3] 


~ 




-> 4/7/2 


40169.35 




4.289[6] 


1.300" 


1.289 


1.000 


7pi/2 


->■ 7s 1/2 


125683.20 




3.343[5] 


7.87[-l] a 


7.87[-l] 


0.211 




->■ 5rf 3 /2 


113102.67 




4.187[5] 


3.88[-l] a 


3.99[-l] 


0.265 




->■ 6s 1/2 


27630.49 




1.446 [5] 


1.60[-2] a 


1.64[-2] 


0.091 




->■ 4d 3/2 


27234.95 




2.946[5] 


1.70[-2] a 


1.63[-2] 


0.186 




— >• 3d 3 / 2 


10489.97 


2.17[5] 6 


2.194[5] 


1.93[-3] a , 1.79[-3] 6 


1.80[-3] 


0.139 




->■ 5s 1/2 


9956.84 




1.193[5] 


1.66[-3] a 


1.76[-3] 


0.075 




-> 4s 1/2 


3218.55 




5.108[4] 


5.37[-5] a 


7.88[-5] 


0.003 


7P3/2 


->■ 7s 1/2 


124976.36 




3.383[5] 


1.570" 


1.575 


0.201 




->■ 5rf 3 /2 


112529.94 




4.212[4] 


7.74[-2] a 


7.95[-2] 


0.025 




->■ 5rf 5 /2 


112466.19 




3.805[5] 


4.64[-l] a 


4.78[-l] 


0.227 




->■ 6S1/2 


27596.18 




1.508[5] 


3.30[-2] a 


3.42[-2] 


0.090 




-> 4d 3/2 


27201.61 




2. 984 [4] 


3.44[-3] a 


3.29[-3] 


0.018 




->■ 4d 5 /2 


27193.69 




2.675[5] 


2.06[-2] a 


1.96[-2] 


0.159 




->■ 3d 3 / 2 


10485.02 


2.21[4] 6 


2. 225 [4] 


3.92[-4] a , 3.64[-4] ft 


3.64[-4] 


0.013 




— > 3^5/2 


10482.49 


1.99[4] 6 


2.580[5] 


2.35[-3] a , 2.18[-3] i> 


2.19[-3] 


0.154 




— > 5S1/2 


9952.38 




1.279[5] 


3.57[-3] a 


3.78[-3] 


0.076 




->• 4s 1/2 


3218.08 




6.187[4] 


1.36[-4] a 


1.92[-4] 


0.037 


6d 5 / 2 


-> 7p 3 / 2 


160990.92 




2.755[5] 




1.594 


0.293 




5/5/2 


91812.99 




7.227[3] 




9.08[-3] 


0.008 




— > 5/7/2 


91812.99 




1.446 [5] 




1.36[-1] 


0.154 




-> 6p 3 / 2 


37199.74 




5.876[4] 




1.82 [-2] 


0.063 




-> 4/5/2 


28026.51 




4.489[3] 




5.25[-4] 


0.005 




-> 4/7/2 


28026.51 




8.991 [4] 




7.89[-3] 


0.096 




->■ 5p 3 / 2 


14335.35 


4.86 [5] 6 


2.321[2] 


2.81[-3] a , 3.14[-3] 6 


1.07[-5] 


0.0002 




4p 3 / 2 


5361.07 


3.577[5] 


2.30[-3] 


0.004 


6d 3 / 2 


-»■ 7p 3 /2 


160832.18 




4.597[4] 




1.77[-1] 


0.049 




-> 7pi /2 


159676.53 




2.333[5] 




1.773 


0.250 




-> 5/5/2 


91790.61 




1.517[5] 




1.27[-1] 


0.162 




-> 6p 3/2 


37196.07 




9.882[3] 




2.04[-3] 


0.011 




-> 6pi /2 


37079.66 




5.274[4] 




2.16[-2] 


0.056 




-> 4/5/2 


28024.42 




9.475 [4] 




7.40[-3] 


0.101 




-> 5p 3 /2 


14334.81 




38.69 




1.18[-6] 


~ 




-> 5pi/2 


14296.37 




6.034[2] 




3.67[-5] 


0.0006 



Continue . . . 
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TABLE III - continued from previous page. 



Upper Lower 




A ki 


fki 


Lfci 


state (/) state (i) 




Others Present 


Others 


Present Present 



~> 4p 3/2 


5360.99 


8.06[4]° 
3.86[5] b 


5.991 [4] 


3.10[-4] a , 3.47[-4]° 


2.56 


-4] 


0.064 


-> 4pi/ 2 


5344.45 


2. 849 [5] 


2.96[-3]°, 3.30[-3] 6 


2.42 


-3] 


0.305 


8s 1/2 -> 7p 3/2 


144722.68 




3. 779 [5] 


5.93[-l] a 


5.90| 


-1] 


0.093 


->■ 7pi /2 


143786.27 




1.905[5] 


5.91[-1]° 


5.87 


-1] 


0.047 


-»• 6p 3 /2 


36262.54 




3. 760 [5] 


3.60[-2]° 


3.68| 


-2] 


0.093 


-> 6pi /2 


36151.89 




1.906[5] 


3.60[-2] a 


3.71| 


-2] 


0.047 


->■ 5p 3 /2 


14193.98 




6.079[5] 


8.77[-3]° 


9.12 


-3] 


0.150 


-> 5pi /2 


14156.31 




3.009[5] 


8.84[-3]° 


8.98| 


-3] 


0.074 


-> 4p 3/2 


5341.17 


1.31[6] 6 
6.64[5] 6 


1.328 [6] 


2.70[-3]°, 2.81[-3] b 


2.82| 


-3] 


0.328 


-> 4p 1/2 


532.481 


6. 700 [5] 


2.71[-3]°, 2.82[-3] b 


2.83| 


-3] 


0.166 



References: 



B. El matrix elements and oscillator strengths 

We present El matrix elements from the DHF and 
CCSD(T) methods along with their line strengths from 
latter in Table |TTJ We estimate uncertainties associated 
with the calculations using the CCSD(T) method as both 
DHF and CCSD methods are just part of this approach. 
To estimate net uncertainty of an El matrix element, 
we take into account incompleteness of basis functions 
and differences in the results obtained using the CCSD 
and CCSD(T) methods to estimate uncertainty due to 
the approximation in the level of excitations. We also 
find that the correlation contributions, estimated as the 
differences between the results obtained using the DHF 
and CCSD(T) methods, are significant in almost all the 
transitions. 

It is not always possible to obtain precise values of 
either El matrix elements or transition strengths from 
the measured lifetimes due to association of many transi- 
tion probabilities with these quantities. However, the 4P 
states are the first two excited states which decay to the 
ground state only via one allowed transition each. There 
are precise measurements of lifetimes of these states are 
available in K atom. The lifetime of the 4Pi/2 state is 
reported to be 26.69(5) ns By combining this result 
with the experimental value of wavelength A = 7701.1 
A[l|] of the 4Pi /2 -> AS transition, we find the El ma- 
trix element of the 4Pjya — > AS transition to be 4.110(5) 
a.u. against our calculated result 4.131(20) a.u. Simi- 
larly, the lifetime of the 4P 3 / 2 state is measured to be 
26.34(5) ns This state has an allowed transition 

channel to the ground state and it can also decay to the 
first excited 4P 1 / 2 state via both the electric quadrupole 
(E2) and magnetic dipole (Ml) channels. It is found from 
our analysis that the transition probabilities of an elec- 
tron due to the above forbidden channels from the 4P 3 / 2 
state are very small and can be neglected within our esti- 
mated uncertainties. Therefore combining the measured 
lifetime of the 4P 3 / 2 state with the experimental value of 
the 4P 3 / 2 — > AS transition wavelength A = 7667.0 A, we 



TABLE IV: Lifetimes (t) of all the low-lying states up to 8S 
in K atom (in ns). 



State 


This work 


Others 


Experiment 


5s 


2 Sl/2 


42.31(1.1) 


46.50", 42. 5 6 




3d 


2 D 5/2 


41.85(1.2) 


45.85", 42. 5 6 




O J 

6a 


^3/2 


41.32(1.0) 


45.24°, 41.9 6 


42(3) 9 , 42(3) d 
137.6(1.3) fe 


bp 


2 Pl/2 


134.40(3.0) 


127.05 a , 137.1 6 
130^ 


5p 


2 P3/2 


131.10(3.0) 


124.02°, 133.9 6 


133(3/, 134(2) e 


Ad 


2 D 5/2 


290.02(8.0) 


291. 18 a , 293.9 6 




Ad 


2 D 3 / 2 


284.10(7.3) 


285.56°, 289.4 6 




6s 


Sl/2 


80.81(1.1) 


87.12°, 81.4 6 


88(2)°, 68(9)* 


Af 


P5/2 


62.30(2.0) 


70.65°, 64.7 6 




Af 


2 P 7 /2 


62.20(2.0) 


70.65°, 63.9 6 




6p 


Pl/2 


332.70(8.2) 


321.67°, 340. 7 s 


344(3) e 


6p 


P3/2 


324.20(7.1) 


312.77°, 332.0 6 


333(3) e , 310(15/ 


5d 


l° 5/2 


713.70(19.1) 


769.63°, 650.8 6 




5rf 


D3/2 


712.70(21.1) 


767.41°, 653.1 b 


572(14)°, 610(90/ 
155(6) d , 165(12)^ 


7.s 


Sl/2 


147.71(1.2) 


158.83°, 148.8 6 


5/ 


P7/2 


114.11(3.2) 


125.70°, 117.9 6 




5/ 


2 F 5/2 


114.12(3.1) 


125.70°, 118.0 6 


117(3) c 


% 


G7/2 


233.20(1.3) 






5.9 


G9/2 


233.20(1.3) 






7p 


2 Pl/2 


632.10(15.2) 


619.47°, 648.6° 


623(6) e 


7p 


2 P 3 /2 


595.50(14.1) 


601.80°, 632.0 6 


592(6) e 


(id 


2 D 5/2 


1066.10(24.1) 


1168.54°, 913.7° 




6d 


D3/2 


1071.11(26.0) 1180.58°, 925.7 t 807(20) d , 890(60) J 








1050 h 




8s 


2 S1/2 


247.40(2.0) 


267.23°, 250. 7 b 


238(4) d , 260(14) j 



References: ° [33l;M33j 



f \M; 9 t3J|; 



obtain El matrix element of the 4P 3 / 2 — > AS transition 
as 5.812(6) a.u. Although our calculated results from the 
CCSD(T) method are in agreement with the extracted 
values from the experimental lifetimes of the 4P states, 
however we consider below the precise values obtained 
from the measurements to evaluate polarizabilities. 

For the astrophysical interest, we also evaluate transi- 
tion probabilities, oscillator strengths for emission lines 
and branching ratios taking all possible allowed transi- 
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TABLE V: Scalar polarizability of the ground state in a.u. in 
K along with individual contribution from various intermedi- 
ate terms. Uncertainties are quoted in the parentheses. 

Contribution ai ' 

Ctv 

4s 



TABLE VI: Scalar polarizability of the 4P 1 / 2 state of K atom 
in a.u. Uncertainties are given in the parentheses. 

Contribution 



"tail 
Qtotal 

Experiment 
Others 



4Pl/2 


95.165(231) 


4p 3 /2 


189.471(391) 


5P1/2 


0.235(10) 


5P3/2 


0.514(10) 


6^1/2 


0.019(3 ) 


6P3/2 


0.044(3) 


TPl/2 


0.004(3) 


7P3/2 


0.010(3) 


8P1/2 


0.001(3) 


8P3/2 


0.003(2) 


9P1/2 


0.001(2) 


9P3/2 


0.002(2) 




5.131(0.30) 




-0.127(0.02) 




0.062(0.01) 




290.5(1.0) 



292.8(6.1) [45], 305.0(21.6) [46] 
290.58(1.42) [47] 
290.2(8)|48], 289.3 [33J 



4pi/ 2 -> 4s 1/2 -95.165(231) 

5si /2 136.679(705) 

6s 1/2 4.179(100) 

7s 1/2 0.971(20) 

8s 1/2 0.389(10) 

9s 1/2 0.188(10) 

lOsi/a 0.003(5) 

3d 3/2 545.86(683) 

4di /2 0.246(8) 

5d 3/2 0.296(10) 

6d 3/2 0.336(10) 

7d 3/2 0.017(5) 

8d 3/2 0.009(5) 

a c 5.131(0.30) 

a cn -0.0002(0.001) 

ataii 6.4(2.0) 

"total 606(7) 

Experiment 587(87) [50] 

Others 604.1 [33], 602(11)[7], 697.4 [51] 



tions among the considered states in K atom using the 
above El matrix elements and tabulated wavelengths in 
NIST HU. These values are given in Table Gill Four 
decade ago, Anderson and Ziltis had carried out calcu- 
lations of these quantities using a Coulomb approxima- 
tion in the non-relativistic method [491 ] . Safronova and 
Safronova have also reported few of these quantities us- 
ing a linearized approximation to the CCSD method (SD 
method) In a recent paper, Civis et al have used 

a quantum defect theory to evaluate these quantities in 
many transitions which are of particular astrophysical in- 
terest and compared with the estimated results from var- 
ious measurements and observations [32| including those 
are given in (49j . In the above table, we compare our re- 
sults along with the values reported in [32], [33| . As seen 
in the table, all the results are in fair agreement among 
each other. Many of these results related to the 6D states 
were not known previously to compare with the present 
estimation. We also give branching ratios explicitly of 
individual allowed transition in the same table by con- 
sidering into account all possible allowed transitions and 
neglecting transition probabilities due to the forbidden 
transitions. 



C. Lifetimes of few excited states 

As mentioned above, the lifetimes of the 4P states in 
K atom are measured precisely by Wang et al 44| . How- 
ever, these quantities are not measured for some of the 
low- lying states. In fact, many measured values available 



for the states other than the 4P states are not very pre- 
cise. Using our calculated transition probabilities given 
in Table Hill we determine lifetimes of all the considered 
states except for the 4P states. These results are given in 
Table |IV] and compared with other theoretical and exper- 
imental data in the same table. We have also estimated 
uncertainties to our estimated lifetime values from the 
reported error bars of El matrix elements. Most of our 
results are within the error bars of the experimental val- 
ues. It can be seen in the above table that the present 
values of lifetimes of many low-lying states match well 
with the other theoretical results given in 13311 a nd differ 
from another calculated results reported in [34|; but our 
results for some of the higher states match better with 
the values given in [34j than the results given in [33| . 
Lifetimes of the 5G states were not found elsewhere to 
compare with our results. 



D. Static dipole polarizabilities (uj = 0) 

We evaluate static dipole polarizabilities of the ground, 
4P and 31? states in K atom using the reported El ma- 
trix elements and experimental energies of the most im- 
portant intermediate states. These results are reported 
in Tables [V] to IIXI along with individual contributions 
explicitly from various intermediate states and compare 
them with other available experimental and calculations 
using both non-relativistic and relativistic methods. As 
has been stated earlier, the core and core- valence cor- 
relation contributions are estimated using the MBPT(3) 
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TABLE VII: Contributions to both the scalar and tensor po- 
larizabilities of the 4P 3 / 2 state in K atom in a.u. Uncertainties 
are mentioned in the parentheses. 



Contribution 


ai 0) 


(2) 

a v 


a v 

4p 3 /2 ~> 4s 1/2 


- 95.56(21) 


95.156(21) 


5S1/2 


138.81(101) 


-138.81(101) 


6S1/2 


4.188(60) 


-4.188(60) 


7si /2 


0.971(20) 


-0.971(20) 


8*1/2 


0.389(12) 


-0.389(12) 


9S1/2 


0.187(11) 


-0.187(11) 


lOSi/2 


0.106(11) 


-0.106(11) 


3^3/2 


54.91(101) 


43.93(74) 


4d 3/2 


0.021(3) 


0.016(3) 


5d3/2 


0.033(4) 


0.026(4) 


60(3/2 


0.036(4) 


0.029(4) 


7d 3 / 2 


0.026(4) 


0.021(4) 


8^3/2 


0.018(3) 


0.015(3) 


3^5/2 


494.34(552) 


-98.87(110) 


4d 5 /2 


0.171(5) 


- 0.034(4) 


5d 5 /2 


0.297(6) 


- 0.059(4) 


6d 5 /2 


0.319(6) 


- 0.064(4) 


7d 5 /2 


0.236(6) 


- 0.047(4) 


8^5/2 


0.081(5) 


- 0.016(3) 


Ctc 


5.131(0.30) 


0.00 




-0.0002(0.001) 


0.0002(0.001) 


Otail 


9.13(30) 


-1.4(0.2) 


Qtotal 


614(6) 


-106(2) 



TABLE VIII: Scalar and tensor polarizabilities of the 3D3/2 
state along with uncertainties in the parentheses given in a.u. 



Contribution 




(2) 


flu 

303/2 -» 


4Pl/2 


-272.93(343) 


272.93(343) 




4^3/2 


-55.29(103) 


- 44.23(75) 




5pi/2 


612.30(234) 


-612.30(234) 




5P3/2 


120.8(121) 


96.62(955) 




6P1/2 


5.271(204) 


-5.271(204) 




6P3/2 


1.068(20) 


0.854(10) 




7Pl/2 


0.959(20) 


- 0.959(20) 




7P3/2 


0.194(5) 


0.155(5) 




°Pl/2 


0.352(20) 


- 0.352(20) 




8P3/2 


0.071(6) 


0.057(5) 




9pi/ 2 


0.200(10) 


- 0.200(10) 




9P3/2 


0.041(5) 


0.033(5) 




4/5/2 








5/5/2 


98.78(161) 


- 19.76(33) 




6/5/2 


29.697(620) 


- 5.94(13) 




7/5/2 


13.058(260) 


-2.611(53) 


OCc 




5.131(0.30) 


0.00 


&cn 




-0.03(0.01) 


0.02(0.01) 


atail 




50.6(10.0) 


- 10.6(3.0) 


Qtotal 




1465.5(21.5) 


-502.6(12.5) 


Others [55] 


1613 


-710 



Experiment 613(103)[50J, 614(10)[52J 
Others 614.1[33J, 697.4[5JJ, 635[53J 



-107(2) [52] 
-107.9[33], -96[53J 



method. Since these contributions are relatively smaller 
than the valence correlation contribution, the accuracies 
of the final results are uninfluenced by these results. In 
fact, we also give estimated uncertainties to these results 
by comparing El matrix elements obtained using this 
method with the CCSD(T) method. It can be noticed 
from these result tables that only few studies are car- 
ried out on polarizabilities in K. Also, the experimen- 
tal results from the direct measurements are not avail- 
able precisely in any of the considered states. Recently, 
there is a result on the ground state polarizability in K 
has been reported by combining the measured ground 
state polarizability of sodium (Na) atom with the ratio 
of these quantities_between K and Na and reported as 
290.58(1.42) a.u. 



471 ] . Similarly, the differential polariz- 



ability of the 4P\/ 2 — > 4S 1 transition has been measured 
to be 317.11(4) a.u. [541 ] ■ By combining this result with 
the above ground state value, we refer the experimen- 
tal value of the ^P\/2 state polarizability as 607.69(2.97) 
a.u. which seem to be in excellent agreement with our 
calculated result. Other previous calculations reporting 
this value in 0, HH US are based on methods us- 
ing lower approximations than the present work. There 
are no experimental results in the 31? states available to 
compare the corresponding results with our calculations. 



However, a calculation in the non-relativistic method us- 
ing a pseudo-potential is reported on both the scalar and 
tensor polarizabilities of the 3-D states [55| . These values 
are also given in Tables IVIIII and IIX1 which also seem to 
be fairly agreement with our calculations. 



30000 




-30000 



600 700 800 900 1000 1100 

Wavelength (nm) 



1200 1300 1400 



FIG. 1: (color online) Dynamic polarizabilities (in a.u.) plots 
of the 45* (shown in red) and 4Piy 2 (shown in green) states 
against wavelengths (in nm). Intersection points are identi- 
fied as magic wavelengths of the 4P X /2 — 4S 1 transition. Res- 
onance lines correspond at infinite values of polarizabilities. 
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TABLE IX: Contributions to both the scalar and tensor po- 
larizabilities of the 3D 5 / 2 state in K (in a.u.) with their un- 
certainties in the parentheses. 



Contribut: 


on 


ai 0) 




a v 

3rf 5 /2 -* 


4P3/2 


-331.79(371) 


331.79(371) 




5P3/2 


724.7(240) 


-724.7(239) 




6f>3/2 


6.378(182) 


-6.378(182) 




7P3/2 


1.168(20) 


- 1.168(20) 




8P3/2 


0.425(15) 


- 0.425(15) 




9P3/2 


0.246(12) 


- 0.246(12) 




4/5/2 


40.7(101) 


46.54(112) 




4/7/2 


814.7(144) 


-290.96(512) 




5/5/2 


4.698(140) 


5.369(160) 




5 /o 

'JJT/2 


Q3 QQH 61 \ 






6/5/2 


1.413(20) 


1.615(20) 




6/7/2 


27.94(485) 


- 9.98(173) 




7/5/2 


0.178(5) 


0.203(5) 




7/7/2 


12.36(23) 


- 4.42(12) 


Oic 




5.131(0.30) 


0.0 






-0.03(0.01) 


0.03(0.01) 


Oxtail 




50.6(10.0) 


- 15.4(4.0) 


Qtotal 




1452.8(32.5) 


-701.7(25.6) 


Others 




1613[55] 


-710[55] 



30000 




-30000 



600 700 800 900 1000 1100 1200 1300 1400 

Wavelength (nm) 



TABLE X: Comparison of magic wavelengths and their corre- 
sponding polarizability values around different resonance lines 
for the 4Pr/2 — > 4S transition with other works. 



Are 



An 



magic J 



Present Ref. I7J Present Rcf. |7| 
1243.57 1227.2(2) 1227.7(2) 474(2) 472(1) 



1169.34 
770.11 



693.30 
691.12 



768.412(3) 768.413(4) 21072(45) 20990(80) 



690.12(2) 690.15(1) -1190(3) -1186(2) 



FIG. 2: (color online) Dynamic polarizabilities (in a.u.) plots for similar results in the 4P- 



to compare them with the values given in 0. In Fig. 
[U we plot the dynamic polarizabilities of both the 45 
and 4:P 1 / 2 states and look for the intersections outside 
the resonance lines. From this plot, we give the magic 
wavelengths corresponding to the intersection points of 
polarizabilities from both the states. The polarizability 
values and magic wavelengths around different resonance 
lines for the 4P 1 / 2 — > 45 transition are given in Table [X] 
From the analysis of the above plot, we compare our re- 
sults with the ones given in [7|. We also find same num- 
ber of magic wavelengths as in Q , but the corresponding 
values are further fine-tuned in this work due to more 
accurate values of the polarizabilities. We also find sim- 
ilar results for the 4P 3 / 2 — > 45 transition and they are 
given in Table IXll As pointed out in Q and also found 
in the present work, there is only one magic wavelength 
found for the Mj = 3/2 sublevel of the 4P 3 / 2 state. It 
has to be noted that for the linearly polarized light, the 
Stark shift of an energy level is independent of the sign 
of the Mj value. However, this shift depends on the sign 
of the Mj value in the circularly polarized light due to 
the presence of the vector component of the polarizabil- 
ity. It is found in our another recent study in rubidium 
(Rb) atom Q that it is possible to obtain more number 
of magic wavelengths using the circularly polarized light 
than the linearly polarized light and we also anticipate 



3/2 



of the 45 and 4P 3 / 2 states with different Mj values against circularly polarized light 



45 transition in K using 



wavelengths (in nm). Lines shown with red, green and blue 
colors represent for results of the 45 state, 4P 3/ / 2 state with 
Mj = 1/2 and 4P 3/2 state with Mj = 3/2, respectively. 
Magic wavelengths are shown by arrows. 



E. Reexamination of magic wavelengths 

Since our reported static polarizabilities for the ground 
and 4P states seem to be more accurate than the re- 
sults reported in Q, we intend here to further study the 
dynamic polarizabilities and estimate the magic wave- 
lengths in the 4Pi/2 — > 45 and 4P 3 / 2 — > 45 transitions 



IV. CONCLUSION 

We have studied electron attachment energies, elec- 
tric dipole matrix elements, oscillator strengths, lifetimes 
and dipole polarizabilities in potassium atom. Some of 
the reported results are improved significantly than the 
previously known results. We affirm the reported magic 
wavelengths in the considered atom using the dynamic 
polarizabilities. Our oscillator strength results will be 
very useful in the astrophysical studies and other im- 
proved results will be very helpful in guiding the future 
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TABLE XI: Magic wavelengths and their corresponding dy- 



experiments. 



namic polarizabilities for the 4P £ 



3/2 



45* transition with 



Mj = 1/2 and Mj = 3/2 values from different works. 



Ares 




«(A m 


igic) 




Present Ref. 17] 


Present 


Ref. |7J 


\Mj 3/2 \= 1/2 








1252.56 


1227.8(2) 1227.7(2) 


474(2) 


472(1) 


1177.61 
1177.29 


769.43(2) 769.432(2) 


-27267(63) 


-27190(60) 


766.70 
696 66 

\jtj\j • yjyj 

696.61 
694.07 

\Mj a/a \= 3/2 


692.26(3) 692.32(2) 


-1230(3) 


-1226(3) 


1177.61 
1177.29 


768.98(2) 768.980(3) 


-336.52(6) 


-356(8) 
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